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Approximating the Elasticity of a Bungee 

Understanding how the elasticity of the bungee changes as the equilibrium length changes is a vital 
component of a successful egg drop.  As the bungee is stretched more at each equilibrium length, the 
spring constant does not decrease in a perfect, linear manner.  Even though Hooke’s Law breaks down 
the more the bungee is stretched, it served as our best option to model the elasticity of the spring.   

We tested four separate equilibrium lengths of the bungee by tying knots in the bungee and hanging it 
by the knot from a metal pole attached to the lab table.  Several masses were hung from the bungee at 
each length and the change in position from equilibrium was measured.  This allowed us to approximate 
a value for the spring constant of the bungee at each position.  A graph displaying the weight hung from 
the string vs. the displacement from equilibrium was made for each equilibrium length.  The slope of this 
graph gave us the average spring constant for each length.  With this value, we were able to graph the 
spring constant against the equilibrium length for each bungee used in order to develop a model of the 
bungee’s behavior.  The model shows how the spring constant decreases with an increase in equilibrium 
length.  Since the k-value does not decrease linearly for each increase in equilibrium length, a power fit 
was used.  We developed an equation from our model showing that K = 1.7786x-0.892 ± 0.063 N/m, where 
K is the spring constant and x is the equilibrium length of the bungee.   

 

Fig. 1. Length of the Bungee at Equilibrium.  The bungee was initially examined hanging from the metal 
pole with no weight.  We measured the equilibrium length of the bungee, or the length it hung with no 
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forces acting on it.  Four different equilibrium lengths were used.  We made these lengths by tying off 
the bungee at the top and allowed a portion of the bungee to hang down.  At equilibrium, there are no 
forces acting to extend the bungee past the length it hangs.  In addition to the 0.25 m bungee, the three 
other bungees of 0.49 m, 0.69m, and 1.22 m are also pictured.   

 

Fig. 2. Length of the Bungee with a Mass Attached.  The length of the bungee was measured with 
different weights attached to it.  Four different equilibrium lengths were used, and we measured the 
effect of multiple masses at each of the four lengths.  When any weight is added to one of the four 
equilibrium lengths, the bungee stretches down.  The force of gravity acts on the mass to pull it down, 
while the bungee resists the force of gravity by pulling up on the mass.  In addition to the 0.25 m 
bungee, the three other bungees of 0.49 m, 0.69m, and 1.22 m are also pictured with weights on them.  
A “greater than” sign is included with the length of each bungee, because with any mass attached to the 
bungee it will stretch away from its equilibrium length.   

 

>0.49m 

>0.69 m 

>1.22 m 

>0.25 m 

Tape 
Measure 

Mass 

FBungee 

FGravity 

Bungee 



 

Fig. 3.  Graph of the Weight (N) vs. Change in Position (m).  This graph includes points from each of the 
four equilibrium lengths.  It shows the weight hung from the bungee graphed against the change in 
position from equilibrium.  The slope of all the data points obtained for each length of the bungee gives 
us the average spring constant, k, for that equilibrium length.  The legend on the side shows which 
equilibrium lengths are represented by each color.    

Equilibrium Length (m) Average K-value (N/m) ± 0.052 (N/m) 
0.25 6.39 
0.49 3.24 
0.69 2.46 
1.22 1.53 

Fig 4. Average K-value (N/m) for each Equilibrium Length. The average K-value was determined from 
the slope of the weight vs. change in position for each length of bungee in Fig. 3.  Uncertainty of the k-
value was obtained by taking the examining the difference between the average k-values we collected 
and the k-value predicted by the model below.  The standard deviation of each difference in k-values 
was then used to determine the uncertainty in our observations.   
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Fig. 5. Average K-Value vs. Equilibrium Length. This graph shows the average k-value from each 
equilibrium length, which is the slope of the weight vs. change in position, against the equilibrium length 
of the bungee.  A power function was used to fit the points on the graph.  We obtained the equation K = 
1.7786x-0.892 ± 0.063 N/m, which can be used to estimate the average k-value of any equilibrium length 
of the bungee.    

The spring constant, k, represents our experimental value of interest.  While the determination of the 
average k-value for each equilibrium length is important, the real significance of the experiment is the 
model developed in Fig. 5 that can be used to approximate the k-value for any length of our bungee.  
The k-value is important because it shows how hard the bungee pulls back on any given weight attached 
to it that stretches it away from the equilibrium position.  Fig. 5 shows how the k-value decreases in a 
non-linear fashion as the equilibrium length of the bungee increases.  Although Hooke’s Law breaks 
down as the bungee stretches further from its equilibrium length, we determined it to be the most 
useful equation to evaluate the stretch of the bungee when masses were added to it.  As such, we used 
a linear fit for our data in Fig. 3, even though our data is not perfectly linear.  The slope of this line gives 
us the average k-value for the four different equilibrium lengths of bungee.   

Our average k-values were 6.39 ± 0.052 (N/m) at 0.25 (m), 3.24 ± 0.052 N/m at 0.49 (m), 2.46 ± 0.052 
N/m at 0.69 (m), and 1.53 ± 0.052 N/m at 1.22 (m).  Excel regression analysis was used to calculate the 
standard error of the average k-value for each equilibrium length.  The standard deviation of the four 
average k-values was then calculated to determine the uncertainty in each average k-value.   

The model produced in Fig. 5 was used to compare the average k-values observed in our experiment to 
the k-values predicted by the model.  The difference between the average k-value and expected k-value 
using our model for each length were used to determine a standard deviation of 0.063 N/m for our 
model predicting k.  Thus, our model suggests the expected values for k are very close to what we 
collected in the experiment.  To test the validity of our model, we will need to evaluate the average k-
value for a different equilibrium length of bungee by hanging various masses from it.  If we yield an 
average k-value close to what our model would predict, then our model should be considered accurate.   
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Our model of K = 1.7786x-0.892 ± 0.063 N/m allows us to estimate the k-value for an equilibrium length of 
bungee.  Knowing k allows us to then predict how far a mass will cause a bungee to stretch from 
equilibrium when a mass is hung from it.  Extending this experiment to the egg drop, we will be able to 
use our model developed to estimate the spring constant of a bungee of any length.  However, it is 
important to note that the more the bungee is stretched with more mass added to it, the more Hooke’s 
Law breaks down.  As such, the k-value estimated by our model will not be able to give us a perfect 
estimate of how far a mass will stretch the bungee.  Still, our model gives us a very good approximation 
to determine k.  Understanding how the model breaks down as the bungee is stretched further from its 
equilibrium length allows us to make better predictions about how far the bungee will stretch.       

 


